The effects of electrical stimulation of the sphenopalatine ganglion on cortical blood flow and gas partial pressures (Po2 and Peo2) were studied in the anes thetized rat. Tissue Po2, Peo2, and local CBF were mea sured simultaneously in both parietal cortices by means of mass spectrometry. Stimulation of the sphenopalatine ganglion increased CBF and tissue P02 by �50 and 20%, respectively, in the ipsilateral parietal cortex. Smaller but significant increases in CBF and tissue P02 were simulta neously seen in the contralateral parietal cortex. These variations were also accompanied by small decreases in Abbreviations used: MAP, mean systemic arterial pressure; VIP, vasoactive intestinal polypeptide.
Brain vessels are noteworthy for their cholinergic innervation, these fibers having long been de scribed by indirect means (Chorobski and Penfield, 1932 ; Cobb and Finesinger, 1932) . Recent studies have shown the origin and distribution of the nerves that store acetylcholinesterase and vasoac tive intestinal peptide (VIP) which project to the ce rebral blood vessels (Hara et aI., 1985; Hara and Weir, 1986) . VIP coexists with acetylcholine in the nerves that innervate cerebral vessels (Kobayashi et aI., 1983; Itakura et aI., 1984) . These fibers origi nate in the sphenopalatine ganglion and other ex tracranial ganglia (including the otic) and distribute in the ethmoidal nerves as well as in the adventitia of both external and internal ethmoidal arteries (Gibbins et aI., 1984; Walters et aI., 1986) . The transection of both ethmoidal nerves and external Peo2 in both parietal cortices and a 5% increase in mean arterial pressure, whereas cortical electrical activity did not change. We conclude that the cholinergic (and va soactive intestinal polypeptidergic) innervation of the ce rebral blood vessels, arising from the sphenopalatine gan glion has significant vasomotor potential and that this system may be of functional importance. Key Words: Ce rebral circulation-Cholinergic fibers-VIPergic fibers -Mass spectrometry-Sphenopalatine ganglion-Va sodilatation.
ethmoidal arteries, before they enter the cranium, induces a decrease in cholinesterase positive nerves in the wall of the vessels that comprise the circle of Willis. A similar reduction in fiber density is seen after ablation of the sphenopalatine ganglion (Hara et aI., 1985; Hara and Weir, 1986) .
Despite much effort in the past, little is known about the influence of the cholinergiclVIP system on the cerebral circulation. In the present study we give, for the first time, a description of the regional cortical CBF response to the electrical stimulation of the sphenopalatine ganglion in anesthetized rats.
METHODS
Six male Wistar rats with body weights of 330-420 g were used. The surgical procedures were performed in two sessions. Initially, the rats were anesthetized with pentobarbital sodium (35 mg/kp i.p.) and a gas-sampling cannula was stereotaxically and chronically implanted in the parietal cortex of each hemisphere (8.0 ± 0.5 mm) rostrally from the interaural line, laterally (5.5 mm) from the midline, and horizontally (5.0 mm) from the surface of the cortex. These cannulae allowed the measurements of CBF and cerebral tissue P02 and Pe02 simultaneously by means of mass spectrometry.
Fifteen days later, the time needed for any possible in-flammation or edema to be resorbed, the rats were rean esthetized with chloralose (40 mg/kg s.c. ) after induction with halothane (0.5-2%). Thin-walled vinyl catheters were placed in the right and left femoral arteries and one femoral vein; the trachea was cannulated. The rats were placed in a stereotaxic apparatus; d-tubocurarine at an initial dose of 0.5 mg/kg i. v. was administered and the animals were artificially ventilated (Harvard Apparatus, South Natick, MA, U.S.A.) with 25% O2-75% N2. A supplementary dose (0.2 mg/kg) of d-tubocurarine and chloralose (10 mg/kg) was given every hour during the experiment. Body temperature was maintained at 37-38°C throughout the experiment. Small volumes (0.2 ml) of arterial blood were regularly sampled during the experiment for Pao2, Paco2, and pH measurements by a blood gas analyzer (ABL 2, Radiometer, Copenhagen, Denmark). One of the arterial catheters was connected to a transducer (Statham P23Db; Hato Rey, Puerto Rico) for continuous monitoring of mean systemic arterial pressure (MAP). Periodically, 10% N2 was replaced by 10% He. The elimination of He from the brain enabled CBF to be calculated every 5 min from the He monoexponential clearance curve monitored on-line by a computer (Apple II; Cupertino, CA, U.S.A.), whereas tissue P02 and Pco2 were recorded continuously as previously described in detail by Seylaz and colleagues (1983) . The sphenopala tine ganglion on both sides was exposed through the same approach as reported previously (Hara et aI., 1985) . The sphenopalatine ganglion and the adjacent structures were explored with a monopolar electrode for stimulation sites. Stimulation electrodes were made from 70% plat inum and 30% iridum wire, 150 /-Lm in diameter and insu lated by epoxylite, except at the tip, which was left bare for 100 /-Lm. The stimulus current was displayed on a cathode ray oscilloscope. Based on pilot experiments, we found the range of ef fective stimulation parameters to be: frequency, 25-50 Hz; intensity, 100-200 /-LA; pulse width, 1 ms; and train duration, 1 so n, 1 s off. Blood flow measurements were performed before, during, and after the stimulation.
After a one-way analysis of variance and a multicom parison procedure (Scheffe's test), results were analyzed by means of Dunnett's test and Student's t test.
RESULTS

General physiological data
During the experiments a steady state of arterial blood parameters was maintained (PaoZ = 106. 0 ± 5. 5 mm Hg; PaCOZ = 36.9 ± 1.6 mm Hg, pH 7.395 ± 0. 0 14). Results are expressed as mean ± SE. The MAP was in the physiological range (129. 7 ± 2. 6 mm Hg).
The exposure of the two sphenopalatine ganglia did not induce any significant systemic effects.
Effect of sphenopalatine ganglion stimulation
Two stimulations of each ganglion were succes sively performed in the six rats. Because no signifi cant side-to-side or sequential differences were ob tained, the 24 results were pooled (as in each exper imental group, the variances were not statistically different). Results are summarized in Table 1 and in Fig. 1 . The stimulation of the sphenopalatine gan glion provoked an increase in CBF and tissue Poz in the ipsilateral parietal cortex by �50 and 20%, respectively, and a decrease of 5% in tissue Pcoz.
Similar but smaller changes were also observed in the contralateral hemisphere. The stimulation pro voked an increase of �5% in mean arterial pres sure. All the changes were significant and these variables tended to return to baseline values after the stimulation. No evidence for EEG activation was detected during the stimulation.
DISCUSSION
A parasympathetic innervation of the pial circu lation has long been suspected, although the physi ological importance of this system has remained elusive. Recently, the origin of the cholinergic fibers has been shown (at least partly) to be the sphenopalatine ganglion, an extracranial relay for the Vllth cranial (or facial) nerve. Other sources for the cerebrovascular cholinergic/VIPergic fibres in clude the otic, ciliary, and small unnamed ganglia (Gibbins et aI., 1984; Walters et aI., 1986) . Here we present evidence to show that electrical stimulation of the sphenopalatine ganglion in the anesthetized 1932; Cobb and Finesinger, 1932; James et aI., 1969; Salanga and Waltz, 1973; D'Alecy and Rose, 1977; Pinard et aI., 1979) , later studies have been unable to confirm this phenomenon (Busija and Heistad, 198 1; Linder, 1981) . 
